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VISAR: LINE-IMAGING INTERFEROMETER

W. F. HEMSING, A. R. MATMEWS, R. H. WARNES, M. J. GEORGE AND G. R. WHllTEMOREt

La Ahnma National IAmcatosy, Los Alamos, NcvJ Mexico 87544
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‘ g Vcfcxiy httcrfermwcr Sysrem h An Rcfhxm (VISAR) w applied to measure
1’

Vclocily Ccsmsslb
dicmtc# a rnctcl phtu expfoaively eccclcmcd ro 5. krds. Amplified, sirsgk-hcqucncy laser light wcs ftxuscd so
ilhmslrsctaa ha on tk md sssrke. The line’simage wasfwuscd throughh intafcrmctcr trsa streakCarmra tbal Swcp[
in time cndrworM dlroctlyas film During the e~ps’imm, the~kr-shift ccuaedrrsmkrnof tbc intcrfcrcr x fringes.
Armlyaisof thadIgidscd flfsnrcourdyieldeda continuumof tims-seaolvcdvclaity hiataka.Vclmity gradientscmossrhe
plate thct !lrst swept mdally Inwssd. thenreflectedmmvcrd, wereclccrly mamrmd. Inatcacd power provided by rhc laser
cnqlifkr greedy inqxovd the aignal+o-noise sado cornpcral to our pscvious line VISAR cxpcmmsrs.

1. IN7110DUC3’10N

A llm-imsglngVelmity Intafcrosmm SystemfcuAny

ftc~ (WARP wcs dunonstmtcd last year wlrh m

2-w, Singla-frcqumcy,argon-ionIcacrtomcssura rrrMy

vcfcmhy hhorloa slmultancuualy. Howcwr, an image

IrttertaIfkrwsasoqulrodand rhaseaultingsignal-umolsa

sxdowcaparrkauae c4thcmsqhlslfc cmpowcr.

An ampllikrs~ w-s roccntlyinstalledto boostlaserpower

m qsproxlmstcly6a) w. h Cllmlrlatcd rhs rcquircn’entfcw

crr1- Intcdflcr, allowlng cn kreasc I%3sm0 to the full

62-rsumdlarrsccfmrsImsgmcndgrcaslyimpluvcd rhcslgncl-

twoim rctkt, Ilds encbsd veldsy rmasurcrrswrts10&

ti scrossrhodlcmaru of M explosivelydlivcn plateover

a Iom optical pathMwccn thecqdsncnt cndIhc VISAR.

Ming M oxpdrmnt, rba2-mm-thick, 25-mm-dlcm 304

stclnfaasItCCIpfJtawss unavcnly xccelcmud to a velcuhy of

5,5W In4pm lhc plate, hrllially In an evccuntcd ImrTcl

cappal by -n optkal window, wcs followed tos dlrntarrccof

Is rmn bcfsxch opticalpathbaxrna obscrmd by S-O

fran rha enpkmhw driver. SlmultcrrcousdlffcrcncesIn

vebchy, ~w than0.5 krnh, wcrorsmsuredMwoan

con~ and ulga rcgbna moss rha plate.

‘fM ppcr lmginswhir a dlagrarnlo Illussrctetbscxpaw

Imcrstalaystarn. Itsopcmdon ls cxplclrscd l%on squlsltksn

d arrclyalaof theexparlrmrstalmcsk ccnwrc phomgmph -

with hs fbur ImcgcsIs descrlbcd,mrtlng from sheraw

Imugaad canclssdlngwllh vclalty hlstcwh

2. EXPERIMENTAL SE’11.JP

Figm 1 Ulusrratcsrlhscxpcsir’rwnt.Light from a singlc-

frcqucncy,argon-km Imer wcs amplifti frcurrI IO m w

by a dye.laser amplifier. Its outputwas focusedby a c) m

MuI kns to Illumlnatc a Ilna 25-mrrslongon a llghIly

sundcd regh mmcs the plmc, to bc launchedin vccuum. A

sphmkal ISIIScollecteddlffrssclyrsflcctedlight from rhsplutc

ad frxuud it throughhe VISAR intetieromter.

Stmtfwo
o--1

FICNJRll I
Llrrc4mcghr VISAR cx rlnwnt.sphmlcallenscollected

fflEmdffUSCiym =td Ilghl rheplnrcml fmmd II thmuph
rhc VISAR Interfcrnsmmr.
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Light traversing the interferometer was split imo two

beams: one was slowed by transmission through a 100mm-

Iong glass bar and an eighth-wave retardation plate while the

other tiaveled through air. This provided a relative delay yet

ga~’e identical magnifications in both interferometer legs.

Tlw delay made the interferometer sensitive to acceleration;

the rwtrdaaon plate provided quadmrure codings. After

being swombined, the light was output from both sides of

the kmsplirter, in “push-pull” mode, to maximize light

efficiency and minimize noise.

Polarizing splitters separmed the push-pull beams into

four quadrature-ccdcd components with W relative phase

differences. The beams then formed images at the focal

phme of the spherical lens on the entrances to fiber optic

bundles for rmrtsmission to the srreak camera.

Each bundle was aligned individwtlly to ensure good

focus and qualize magnifications so thct corresponding

points in all quadrature images would map to ISsingle point

on the plate surfttcc. Overafl magnification was adjusted for

the images of the illuminated line to fill the 0.2-mrnwide by

6-mm-long fiber optic bundles. AI their exit ends, the

bundles were combined side-by-side into a 0.2-by 24-nun

linear array placed in direct contact with the sltwsk atnsem

fiber optic phc!ocitthode window.

3. DATA ACQUISITION AND ANALYSIS METI IOD

3. I Data acquisition

Acceleration of he plnte during the experiment prcduced IS

Doppler-shift of the Iigh} ‘flris caused interference to

nmdulale the quadmture images when they were swept

amoas recording film by the electronic sttmtk camera. The

resulting time-resolved photograph was Inter di ~Mzui by a

micmdcn!rilometcr rmd stored on mrrrpu!er disk for ansly.sis,

3,2 Appnrach to data analysis

The streak fCCOfd WIN digitized with rtppmximatciy ~

pixels nlong the time ccwdhtatc and 400 pixels acrms the

spatial coordinate. Four .StN1by I(X) pixel qttadraturc images

wem cut fmm it and regi$tcrcd to each other, ‘lltc dlgilizcd

!llm density data were cxprmcntiatcd to approx!mrttc light

intertaity. Then the 1M)” qundmtutc image wa.. mbtmctecf

fmm the (P image to ohrahr a dne image, and the 27(P Image

wtw subtracted from the 9tP inrngc to ~ive o cosine Irmge,

Subtraction yielded inutgei with lx~th positive nnd ncgttiivc

values, canceled common oplical noise and improved the

signal-to-noise ratio.

A pointing device was used 10manually trace the

interference fringes on a compuier display of the difference

images. Each hinge wits assigned a number, counting from

zero at the beginning of the record. Velocity was c~lculitted

by multiplying the fringe count at all points in each truce by

the fringe constant of411 tis/fringe. No acceleration

reversals wctw observed w counted. Velmities for tinws

between traced fringes were estimated using interpolation,

A previoudy developed arctangent algorithm that

calculates vclcwiry semiautomatically from the sine and

cosine images was not used for this analysis because of

impesfcctions in the photograph and because sufficient d;wt

were easily traced. SoftwW Ids are being developed m

use pre-experiment, static photographs to account for

interferometer and optical imperfections.

4. STREAK PliOTOORAPt4 IMAGE ANALYSIS

4. I Line VISAR quudrnturc strenk mutge

The microdensitomctcr-digitized streak photogriiph is

shown in Fig. 2. Note ths 9(P relative phase differences

hctween interference fringes visible in the four qwuiritturt

imtiges, The optical fiber bundles wert oriented so thio ttw

images wctw reversed uhwl the streak-tube centerline 10

minimize effects of distortion. Before further analysis, cii~t)

quadmture imngc had ICIh scpnruted from the group,

revcrwd if neccssi~, nnd registered with the other im:l}!cs,

iW):JRII 2
Micndcrrsitometcr irnagc from the strcttk camera photogritph
of four qundratura Imnqea, Thnc mnrk Intcrvnl Is 0,3 ps,
increasing to the right, Position along h ‘inc on the Inml
surf’n:wh rtprmentcd by the vcrtica! wordimue,



4.2 Push-pull difference images

The film density dim were exponentiatecl to convert them

to approximate light intensity. Figure 3 shows the dlffcrcnce

images obtained by subtracting the (–sine) inutgc from the

sine image and the (-cosine) imoge from the cosine image.

images. Each trace was numbered starting aI zero before {he

start-of-motion. The tmced points are ploued in Fig. 5,

FIGURE 3
Sine and cosine difference imsges.

4,3 httensi[y image: sum of four quadrature images

Figure 4 shows the sum of all four quadrature images [hat

provides a time vs position history of the tousl light returned

from the target, llris image is useful to indiculc correct reg-

istration between ull four qundsature inxsgcst When properly

registered, there should be no in[crfcrerwc inform:niort

visible in the sum image. Imperfect rcgistrntion is iqqxmmt

to the upper left where fringes are slightly visible, Luser

intensity variations are afso visible, especially ncnr the right

end, Dark regir’ma have inwsfllcicnt iight ‘or umsiysis.

fWuRi! 4
Imcn.sity imstge: sum of four qusdrstturc itwtgcs

5, FRIN(lL! COUNI” ANI) VI! I,(XI’I”Y (’AI,(’UI.A”I’K)N

5. I Fringe Wscing

Individual bright and dnrk intcrfercnuc frhigcs wem

numaliy trncwd fmm troth the sine nnd cosine dlfhmm’e

FIGURE 5
Mmudly traced points on fringes from difference images,

S,2 Rclittionship between velocity uncffringe count

Velocity wos cudcuhuuf for each traced point hy

multiplying its imcrference fringe count by 411 nr/s. “Ilis

left gups in velocily dislu helwccn micings.

5.3 Velocity plo[s itnd interpolation

A simplex intcrpoltition itlgorithm Wiis then used to

estimate velocity hctween the tritccd points. It yielded u

continuous velocity histoty ncmss the mcud plule over Ihc

lime of ii)c experiment, RCSUIISiue pioue(f in Fig, 6.

Visible in Pigs. 2,3,5 und 6 is u trinngulur region

Iu(l(llw (1
lxometric plot showing velocity as ~ function of time nnt!
posilinn on Ihc tar et snrfncc, Time incrensex to 5 ~s (nnu
lefl wright, VCIOCt int’renses upwntd to 5,5 k IM nnd Ihc

‘rposition nlong the p ntr extcndx to 25 mm up nnd I(} Ilm Iel’t



bofdmd by the StiulOf the rccosd on [he kfl and by aksupt

changes in fringe position, producal by corresponding pliste

accckraticm, on he right. The almspt sccderanon rcsukcd

km a rMIiaJly converging srmss wave, or shmk, in the

cxpfosive driver thatfust F,opagatd inward to shecenter

Zxis d later reflectedOll:wasd.

Dste fsun wend discmtcrinwsin Fig. 6 am reploncdin

Fig. 7 to utsphasia he large vekxily differmwesrhmexisuxi

scrossthe plsteduring irswxckration. Interestingly,at 1.5

IAStlw vel~i[y diffcrcncsexceeds0.5 krrVs.

5.4 Displaccnmtt plots

Dlsplaccrsmstinfr.mnsdonwascsksdatedby integrating

—-.———. .—.. ..—..— — .—------ ,-_. .——-. -. . .—.-—””—. ,, --

l-- ““.—.--------—-—..—
FIGURE 7

Vcbchy vs psitkm twmsshe plateat scvemldlscreseIlrtws
duringthe ex~riment.

.-

L. . . . .. . . ,.. - J

IWUM!R
Dlspkemenl vs pnshktn mmss ha platest sevemldlwrme
tks durln~ shoeapcrhmnt.

the velocity data wilh sespcato time. Curvesploued % Fig.

8 representthe physicalshapeof [he illumimskd line on she

plareat severaldiscreterimesduring sheexperiment. NOIC

thechangefrom concave 10convex. By coinpiuing Fig. H 10

Fig. 7, it can b seen shotsubsle changes in shqx mask Ihe

large differences in velncity that existed mss she plalc.

6. CONCLUSION

A dye amplifier hasprovided 6C0W single-frequency

power sting fmm an argon-ion laser. TtIe increased

~wer enabled imagingvelocity measurementsover a 10 m

opdcel path,greatly improved[he signnl-t~noisc rmioand

eliminatedSherequirementfor an inmgcintensifier,

The capability to senw accelcsistionwasespeciallyuseful

in thiscxperinwnt, Smng velocity pcmsbatiussthatswcpI

inwasdaM later reflectedoutwerdwwe rmasumdssIhc

plate scceleramdIO 5.5 krrs/sin 4 ps. The exismnce,

strucnm and M).5 krds magnitudes cf he velccity

differences that rxislcd simsd~ly W~ ckarly

nwssurcdin a single expcrinmnt by the line-imaging VISAlt

but might have ken mnskcd by shot-twhot vtialions in

msny, scparmc, single-point velocity experirswtts.
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